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(57) ABSTRACT

An exhaust gas recirculation control device of an engine is
provided. The device includes: an exhaust turbocharger
having a turbine disposed in an exhaust passage and a
compressor disposed in an intake passage; a low-pressure
EGR passage connecting a part of the exhaust passage
downstream of the turbine to a part of the intake passage
upstream of the compressor; a low-pressure EGR valve
disposed in the low-pressure EGR passage and for changing
a cross-sectional area of the low-pressure EGR passage; an
exhaust shutter valve disposed downstream of the connected
part of the exhaust passage to the low-pressure EGR pas-
sage, and for changing a cross-sectional area of the exhaust
passage; a valve control device for controlling openings of
the low-pressure EGR valve and the exhaust shutter valve;
and a gear range detector for detecting a gear range of a
transmission of a vehicle in which the engine is installed.

6 Claims, 8 Drawing Sheets
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1
EXHAUST GAS RECIRCULATION
CONTROL SYSTEM OF ENGINE

BACKGROUND

The present invention relates to an exhaust gas recircu-
lation control device of an engine.

Conventionally, exhaust gas recirculation (EGR) control
devices of engines are known. For example, JP2007-
292028A discloses such an exhaust gas recirculation control
device, which includes an exhaust turbocharger, a low-
pressure EGR passage, a low-pressure EGR valve, and an
exhaust shutter valve (exhaust throttle valve). The exhaust
turbocharger has a turbine disposed in an exhaust passage of
the engine and a compressor disposed in an intake passage
of the engine. The low-pressure EGR passage connects a
part of the exhaust passage downstream of the turbine to a
part of the intake passage upstream of the compressor. The
low-pressure EGR valve is disposed in the low-pressure
EGR passage and changes a cross-sectional area of the
low-pressure EGR passage. The exhaust shutter valve is
disposed in a part of the exhaust passage downstream of the
connected part to the low-pressure EGR passage, and
changes a cross-sectional area of the exhaust passage. In
JP2007-292028A, the control device also includes a high-
pressure EGR passage connecting a part of the exhaust
passage upstream of the turbine to a part of the intake
passage downstream of the compressor, and a high-pressure
EGR valve disposed in the high-pressure EGR passage and
for changing a cross-sectional area of the high-pressure EGR
passage.

In JP2007-292028A, an amount of exhaust gas recircu-
lated from the engine by the low-pressure EGR passage is
adjusted by controlling openings of the low-pressure EGR
valve and the exhaust shutter valve. In this case, when the
recirculation amount of exhaust gas is small, the exhaust
shutter valve is fully opened and the opening of the low-
pressure EGR valve is controlled to adjust the recirculation
amount of exhaust gas. When the low-pressure EGR valve
is fully opened and the recirculation amount cannot be
increased anymore, the exhaust shutter valve is narrowed
while the low-pressure EGR valve is fully opened, so as to
increase the recirculation amount.

As disclosed in JP2007-292028 A, when the recirculation
amount of exhaust gas is small, by fully opening the exhaust
shutter valve and controlling the low-pressure EGR valve to
adjust the recirculation amount of exhaust gas, an exhaust
pressure loss of the turbine can be reduced as much as
possible, and a fuel consumption can be maintained low.

Here, when a transmission of a vehicle in which the
engine is installed is in a low-speed gear range (e.g., a first
or second gear range), an engine speed changes greatly with
respect to an accelerator position, and a target recirculation
amount also changes greatly according to the change in the
engine speed. In this case, if the exhaust shutter valve is fully
opened, a difference between pressures on the exhaust
passage side and the intake passage side of the low-pressure
EGR valve in the low-pressure EGR passage is compara-
tively small. Therefore, while the target recirculation
amount changes greatly, in order to achieve the changed
target recirculation amount by the low-pressure EGR valve,
an opening of the low-pressure EGR valve needs to be
changed greatly, which causes a problem that a follow-up
responsiveness of the opening of the low-pressure EGR
valve with respect to the change in the target recirculation
amount degrades.
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2
SUMMARY

The present invention is made in view of the above
situations and aims to reduce an exhaust pressure loss of a
turbine as much as possible when an engine is in operation
with a transmission being in other than a low-speed gear
range, and to improve a follow-up responsiveness of an
opening of a low-pressure EGR valve with respect to a
change in a target recirculation amount when the engine is
in operation with the transmission being in the low-speed
gear range.

According to one aspect to the present invention, an
exhaust gas recirculation control device of an engine is
provided. The exhaust gas recirculation control device
includes an exhaust turbocharger, a low-pressure EGR pas-
sage, a low-pressure EGR valve, an exhaust shutter valve,
and a valve control device. The exhaust turbocharger has a
turbine disposed in an exhaust passage of the engine and a
compressor disposed in an intake passage. The low-pressure
EGR passage connects a part of the exhaust passage down-
stream of the turbine to a part of the intake passage upstream
of the compressor. The low-pressure EGR valve is disposed
in the low-pressure EGR passage and changes a cross-
sectional area of the low-pressure EGR passage. The exhaust
shutter valve is disposed downstream of the connected part
of the exhaust passage to the low-pressure EGR passage and
changes a cross-sectional area of the exhaust passage. The
valve control device controls openings of the low-pressure
EGR valve and the exhaust shutter valve so that an amount
of'exhaust gas of the engine recirculated by the low-pressure
EGR passage becomes a low-pressure EGR target recircu-
lation amount that is set in advance according to an oper-
ating state of the engine.

The exhaust gas recirculation control device also includes
a gear range detector for detecting a gear range of a
transmission of a vehicle in which the engine is installed. In
a case where the gear range detected by the gear range
detector is other than a predetermined low-speed gear range,
when the low-pressure EGR target recirculation amount is
smaller than a predetermined amount, the valve control
device fixes the exhaust shutter valve fully open and sets the
opening of the low-pressure EGR valve to an opening that
allows the recirculation amount of exhaust gas to be the
low-pressure EGR target recirculation amount, and when the
low-pressure EGR target recirculation amount is larger than
the predetermined amount, the valve control device fixes the
low-pressure EGR valve fully open and sets the opening of
the exhaust shutter valve to an opening that allows the
recirculation amount of exhaust gas to be the low-pressure
EGR target recirculation amount. In a case where the gear
range detected by the gear range detector is the predeter-
mined low-speed gear range, the valve control device sets
the opening of the exhaust shutter valve to a predetermined
opening that is larger than fully closed but smaller than fully
open according to the low-pressure EGR target recirculation
amount, and sets the opening of the low-pressure EGR valve
to an opening that allows the recirculation amount of the
exhaust gas to be the low-pressure EGR target recirculation
amount.

With this configuration, in the case where the gear range
of the transmission is other than the predetermined low-
speed gear range, since the exhaust shutter valve is fixed
fully open when the low-pressure EGR target recirculation
amount is smaller than the predetermined amount, an
exhaust pressure loss of the turbine can be reduced. More-
over, when the low-pressure EGR target recirculation
amount is larger than the predetermined amount, the exhaust
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shutter valve is narrowed gradually as the low-pressure EGR
target recirculation amount becomes larger, and thus, the
exhaust pressure loss of the turbine can be reduced as much
as possible. On the other hand, in the case where the gear
range of the transmission is the predetermined low-speed
gear range, since the opening of the exhaust shutter valve is
set to the opening that is larger than fully closed but smaller
than fully open according to the low-pressure EGR target
recirculation amount, a difference between pressures on the
exhaust passage side and the intake passage side of the
low-pressure EGR valve in the low-pressure EGR passage
becomes large. Thereby, while the low-pressure EGR target
recirculation amount changes greatly, a required change
amount of an opening of the low-pressure EGR valve for
achieving the changed low-pressure EGR target recircula-
tion amount can be small. As a result, a follow-up respon-
siveness of the opening of the low-pressure EGR valve with
respect to the change in the low-pressure EGR target recir-
culation amount can be improved.

The exhaust gas recirculation control device may also
include a total intake gas amount detector for detecting a
total intake gas amount introduced into the engine, and a
fresh air amount detector for detecting a fresh air amount
introduced into the engine. In the case where the gear range
detected by the gear range detector is other than the prede-
termined low-speed gear range, when the low-pressure EGR
target recirculation amount is smaller than the predeter-
mined amount, in the state where the exhaust shutter valve
is fixed fully open, the valve control device may perform a
feedback control of the opening of the low-pressure EGR
valve so that an actual recirculation amount becomes the
low-pressure EGR target recirculation amount, and when the
low-pressure EGR target recirculation amount is larger than
the predetermined amount, in the state where the low-
pressure EGR valve is fixed fully open, the valve control
device may perform a feedback control of the opening of the
exhaust shutter valve so that the actual recirculation amount
becomes the low-pressure EGR target recirculation amount,
the actual recirculation amount calculated by subtracting the
fresh air amount detected by the fresh air amount detector
from the total intake gas amount detected by the total intake
gas amount detector. In the case where the gear range
detected by the gear range detector is the predetermined
low-speed gear range, in the state where the opening of the
exhaust shutter valve is set to the predetermined opening, the
valve control device may perform the feedback control of
the opening of the low-pressure EGR valve so that the actual
recirculation amount becomes the low-pressure EGR target
recirculation amount.

Therefore, even if the gear range of the transmission is the
predetermined low-speed gear range or other than this range,
by the feedback control, the amount of exhaust gas recircu-
lated by the low-pressure EGR passage can be accurately
adjusted to the low-pressure EGR target recirculation
amount. Moreover, when the gear range is the predetermined
low-speed gear range, the reason why the feedback control
is performed on the opening of the low-pressure EGR valve
instead of the opening of the exhaust shutter valve is because
the controllability of the feedback control can be improved.
Specifically, while the exhaust shutter valve is a valve for
changing the cross-sectional area of the exhaust passage
having a large diameter, the low-pressure EGR valve is a
valve for changing the cross-sectional area of the low-
pressure EGR passage having a smaller diameter than that of
the exhaust passage, and thereby, the low-pressure EGR
valve can control the recirculation amount more finely than
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4

the exhaust shutter valve. As a result, the controllability of
the feedback control can be improved.

The exhaust gas recirculation control device which per-
forms the feedback control as described above may also
include a high-pressure EGR passage and a high-pressure
EGR valve. The high-pressure EGR passage connects a part
of the exhaust passage upstream of the turbine to a part of
the intake passage downstream of the compressor. The
high-pressure EGR valve is disposed in the high-pressure
EGR passage and changes a cross-sectional area of the
high-pressure EGR passage. In a case of recirculating the
exhaust gas by both of the low-pressure and high-pressure
EGR passages, the valve control device may perform a basic
control of an opening of the high-pressure EGR valve so that
the amount of exhaust gas of the engine recirculated by the
high-pressure EGR passage becomes a high-pressure EGR
target recirculation amount that is set in advance according
to the operating state of the engine. In the case of recircu-
lating the exhaust gas by both of the low-pressure and
high-pressure EGR passages, in the feedback control of the
opening of either one of the low-pressure EGR valve and the
exhaust shutter valve, the valve control device may use,
instead of the actual recirculation amount, a low-pressure
EGR actual recirculation amount to perform the feedback
control so that the low-pressure EGR actual recirculation
amount becomes the low-pressure EGR target recirculation
amount, the low-pressure EGR actual recirculation amount
calculated by subtracting the fresh air amount detected by
the fresh air amount detector and the high-pressure EGR
target recirculation amount from the total intake gas amount
detected by the total intake gas amount detector. In the case
of recirculating the exhaust gas by both of the low-pressure
and high-pressure EGR passages, the valve control device
may perform a first correction control on the opening of the
high-pressure EGR valve set in the basic control so that the
amount of exhaust gas recirculated by the high-pressure
EGR passage is corrected by an amount corresponding to a
deviation between the low-pressure EGR actual recircula-
tion amount and the low-pressure EGR target recirculation
amount in the feedback control.

Specifically, in the feedback control in the control of the
recirculation of the exhaust gas by the low-pressure EGR
passage, a time delay occurs for the low-pressure EGR
actual recirculation amount, which is the actual amount of
exhaust gas recirculated by the low-pressure EGR passage,
to become the low-pressure EGR target recirculation
amount, and during the time delay, an excess/deficiency of
the low-pressure EGR actual recirculation amount with
respect to the low-pressure EGR target recirculation amount
occurs. Therefore, when the exhaust gas is recirculated by
both of the low-pressure and high-pressure EGR passages,
first, the opening of either one of the low-pressure EGR
valve and the exhaust shutter valve is feedback-controlled so
that the low-pressure EGR actual recirculation amount
becomes the low-pressure EGR target recirculation amount.
Then, the excess/deficiency amount of the low-pressure
EGR actual recirculation amount with respect to the low-
pressure EGR target recirculation amount caused by the time
delay in the feedback control is corrected on the high-
pressure EGR valve side. In other words, when the low-
pressure EGR actual recirculation amount is less than the
low-pressure EGR target recirculation amount, the amount
of exhaust gas recirculated by the high-pressure EGR pas-
sage is increased compared to the amount corresponding to
the opening of the high-pressure EGR valve set by the basic
control, and when the low-pressure EGR actual recirculation
amount exceeds the low-pressure EGR target recirculation
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amount, the amount of exhaust gas recirculated by the
high-pressure EGR passage is reduced compared to the
amount corresponding to the opening of the high-pressure
EGR valve set by the basic control, so that the total amount
of exhaust gas recirculated by the low-pressure and high-
pressure EGR passages becomes a total target recirculation
amount which is the sum of the low-pressure EGR target
recirculation amount and the high-pressure EGR target
recirculation amount. By correcting on the high-pressure
EGR valve side as above, the total amount of exhaust gas
recirculated by the low-pressure and high-pressure EGR
passages can be adjusted to the total target recirculation
amount more accurately compared to the case of only
performing the feedback control.

The deviation may be a deviation between the low-
pressure EGR actual recirculation amount at a timing before
a current timing by a predetermined period of time and the
low-pressure EGR target recirculation amount at the current
timing. The predetermined time period may correspond to a
delayed period of time for the exhaust gas recirculated by the
low-pressure EGR passage to arrive at the part of the intake
passage connected to the high-pressure EGR passage, com-
pared to the exhaust gas recirculated by the high-pressure
EGR passage.

Specifically, since the connected part of the intake passage
to the low-pressure EGR passage is positioned upstream of
the connected part to the high-pressure EGR passage, the
exhaust gas recirculated by the low-pressure EGR passage
arrives at the connected part of the intake passage to the
high-pressure EGR passage (and consequently to the engine)
with the predetermined period of time of delay compared to
the exhaust gas recirculated by the high-pressure EGR
passage. Thus, a more accurate deviation can be obtained
through correcting the amount of exhaust gas recirculated by
the high-pressure EGR passage by the deviation amount
between the low-pressure EGR actual recirculation amount
at the timing before the current timing by the predetermined
time period and the low-pressure EGR target recirculation
amount at the current timing. As a result, the total amount of
exhaust gas recirculated by the low-pressure and high-
pressure EGR passages can be adjusted to the total target
recirculation amount more accurately.

In the case where the first correction control described
above is performed, when the low-pressure EGR target
recirculation amount is changed, for a predetermined period
of time from the change in the low-pressure EGR target
recirculation amount, the valve control device may perform,
instead of the first correction control, a second correction
control on the opening of the high-pressure EGR valve set
in the basic control so that the amount of exhaust gas
recirculated by the high-pressure EGR passage is corrected
by an amount corresponding to a difference between the
low-pressure EGR target recirculation amounts before and
after being changed. The predetermined time period corre-
sponds to a delayed period of time for the exhaust gas
recirculated by the low-pressure EGR passage to arrive at
the part of the intake passage connected to the high-pressure
EGR passage, compared to the exhaust gas recirculated by
the high-pressure EGR passage.

Specifically, since the connected part of the intake passage
to the low-pressure EGR passage is positioned upstream of
the connected part to the high-pressure EGR passage, when
the operating state changes and the low-pressure EGR target
recirculation amount is changed, even after this change, for
the predetermined time period, the exhaust gas flows with
the low-pressure EGR target recirculation amount before
being changed. Therefore, for the predetermined time period
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after the change in the low-pressure EGR target recirculation
amount, the amount of exhaust gas recirculated by the
high-pressure EGR passage is corrected by the amount
corresponding to the difference between the low-pressure
EGR target recirculation amounts before and after being
changed. For example, when the low-pressure EGR target
recirculation amount is changed to be smaller than before,
for the predetermined time period after the change, the
amount of exhaust gas recirculated by the high-pressure
EGR passage is reduced. Therefore, also for the predeter-
mined time period after the change in the low-pressure EGR
target recirculation amount, the total amount of exhaust gas
recirculated by the low-pressure and high-pressure EGR
passages can be adjusted to the total target recirculation
amount more accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a configuration of
an engine controlled by an exhaust gas recirculation control
device according to one embodiment of the present inven-
tion.

FIG. 2 is a block diagram illustrating a configuration of a
control system of the exhaust gas recirculation control
device.

FIG. 3 is a view illustrating a map for determining a
low-pressure EGR target recirculation amount and a high-
pressure EGR target recirculation amount based on an
engine speed and an engine load.

FIG. 4 is a chart illustrating a relationship between the
low-pressure EGR target recirculation amount and each of
openings of a low-pressure EGR valve and an exhaust
shutter valve, when an automatic transmission is in other
than a first gear range.

FIG. 5 is a chart illustrating a relationship between the
low-pressure EGR target recirculation amount and each of
the openings of the low-pressure EGR valve and the exhaust
shutter valve, when the automatic transmission is in the first
gear range.

FIG. 6 is a flowchart illustrating a part of control opera-
tion of the low-pressure EGR valve and the exhaust shutter
valve, performed by a control unit.

FIG. 7 is a flowchart illustrating the rest of the control
operation of the low-pressure EGR valve and the exhaust
shutter valve, performed by the control unit.

FIG. 8 is a flowchart illustrating control operation of a
high-pressure EGR valve (a cooler-side EGR valve and a
cooler bypass-side EGR valve), performed by the control
unit.

DETAILED DESCRIPTION OF EMBODIMENT

Hereinafter, one embodiment of the present invention is
described in detail with reference to the appended drawings.

FIG. 1 is a schematic view illustrating a configuration of
an engine 1 controlled by an exhaust gas recirculation
control device of this embodiment. The engine 1 is a diesel
engine installed in a vehicle, and includes a cylinder block
3 formed with a plurality of cylinders 2 (only one is
illustrated in FIG. 1), and a cylinder head 4 disposed on the
cylinder block 3. A piston 5 is reciprocatably fitted into each
of the cylinders 2 of the engine 1, and a deep-bowl com-
bustion chamber 6 is formed in a top face of the piston 5. The
piston 5 is coupled to a crankshaft 8 via a connecting rod 7.
The engine 1 is provided with an engine speed sensor 9 for
detecting a speed of the engine 1 by detecting a rotational
angular position of the crankshaft 8.
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In the cylinder head 4, an intake port 12 and an exhaust
port 13 are formed for each cylinder 2, and an intake valve
14 for opening and closing an opening of the intake port 12
on the combustion chamber 6 side and an exhaust valve 15
for opening and closing an opening of the exhaust port 13 on
the combustion chamber 6 side are disposed.

Moreover, injectors 17 for injecting fuel are provided in
the cylinder head 4. Each injector 17 is arranged such that
its fuel injection port is oriented toward an inside of the
combustion chamber 6 from a ceiling face of the combustion
chamber 6, and to directly inject the fuel into the combustion
chamber 6 near a compression top dead center.

The engine 1 is provided with variable valve lift mecha-
nisms (hereinafter, referred to as VVL) 16 for adjusting lifts
of the intake and exhaust valves 14 and 15. The VVLs 16 can
adjust the lifts of the intake and exhaust valves 14 and 15 so
that the valves are fully closed or substantially fully closed.

An intake passage 30 is connected to one side face of the
engine 1 to communicate with the intake ports 12 of the
respective cylinders 2. An air cleaner 31 for filtering intake
air is disposed in an upstream end part of the intake passage
30, and the intake air filtered by the air cleaner 31 is supplied
to each combustion chamber 6 of the cylinder 2 via the
intake passage 30 and the intake port 12.

An airflow sensor 32 for detecting a flow rate of the intake
air introduced into the intake passage 30 is disposed in the
intake passage 30, near a downstream side of the air cleaner
31. Moreover, a surge tank 34 is disposed in the intake
passage 30, near its downstream end. A part of the intake
passage 30 downstream of the surge tank 34 is formed to be
independent passages extending to the respective cylinders
2 and a downstream end of each independent passage is
connected to the intake port 12 of the cylinder 2.

Further, a compressor 20a of an exhaust turbocharger 20
is disposed in the intake passage 30, between the airflow
sensor 32 and the surge tank 34. The intake air is turbo-
charged by the operation of the compressor 20a.

Furthermore, an intercooler 35 for cooling air compressed
by the compressor 20a and an intake shutter valve 37 are
disposed in the intake passage 30, between the compressor
20a of the exhaust turbocharger 20 and the surge tank 34, in
this order from the upstream side. The intake shutter valve
37 adjusts an amount of intake air to the combustion
chambers 6 of the respective cylinders 2, by changing a
cross-sectional area of the intake passage 30 at the position
where the intake shutter valve 37 is disposed. Moreover, in
the surge tank 34, an intake gas temperature sensor 38 for
detecting a temperature of gas to be introduced into the
cylinders 2 of the engine 1 (i.e., a temperature of intake air),
and an intake pressure sensor 39 for detecting a pressure of
gas to be introduced into the cylinders 2 of the engine 1.

An exhaust passage 40 through which exhaust gas from
the combustion chamber 6 of each cylinder 2 is discharged
is connected to the other side face of the engine 1. An
upstream part of the exhaust passage 40 is comprised of an
exhaust manifold having independent passages extending to
the respective cylinders 2 and connected to respective exter-
nal ends of the exhaust ports 13, and a merging part where
the independent passages merge. In a part of the exhaust
passage 40 downstream of the exhaust manifold, a turbine
2056 of the exhaust turbocharger 20 is disposed. The turbine
2056 rotates by the exhaust gas flow, and the compressor 20a
coupled to the turbine 205 is operated by the rotation of the
turbine 204.

A VGT (variable-geometry turbocharger) throttle valve
21 is provided in the exhaust passage 40 near the upstream
side of the turbine 205. By controlling an opening (throttle
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amount) of the VGT throttle valve 21, a flow speed of the
exhaust gas to the turbine 205 can be adjusted, and thus, a
rotational speed of the turbine 205 which rotates by the
exhaust gas flow, in other words, a compression ratio of the
compressor 20a of the exhaust turbocharger 20 (a ratio of a
gas pressure immediately after flowing out from the com-
pressor 20a with respect to a gas pressure immediately
before flowing into the compressor 20a) can be adjusted.

An exhaust emission control system 43 for purifying
hazardous components within the exhaust gas is disposed in
the exhaust passage 40, downstream of the turbine 205 of the
exhaust turbocharger 20. The exhaust emission control sys-
tem 43 includes a particulate filter 44, an oxidative catalyst
45, and a lean NO, catalyst 46. The particulate filter 44
captures particulate matter (e.g., soot) within the exhaust
gas. The oxidative catalyst 45 is disposed upstream of the
particulate filter 44, carries, for example, platinum or a
mixture of platinum with palladium, and oxidizes CO and
HC (hydrocarbons) within the exhaust gas. The lean NO,
catalyst 46 is disposed downstream of the particulate filter
44, processes (traps) NO, within the exhaust gas, and sup-
presses discharge of NO, to the atmosphere. The particulate
filter 44 and the oxidative catalyst 45 are contained in a first
case 81. The lean NO, catalyst 46 is contained in a second
case 82, different from the first case 81. The second case 82
is disposed separately toward the downstream side from the
first case 81.

The engine 1 is configured such that a part of the exhaust
gas is recirculated from the exhaust passage 40 to the intake
passage 30. A high-pressure EGR passage 50 and a low-
pressure EGR passage 60 are provided for the recirculation
of the exhaust gas.

The high-pressure EGR passage 50 connects a part of the
exhaust passage 40 upstream of the turbine 206 of the
exhaust turbocharger 20 to a part of the intake passage 30
downstream of the compressor 20a. More specifically, the
high-pressure EGR passage 50 connects a part of the exhaust
passage 40 between the exhaust manifold and the turbine
204 of the exhaust turbocharger 20 to a part of the intake
passage 30 between the intake shutter valve 37 and the surge
tank 34.

The high-pressure EGR passage 50 includes a cooler-side
passage 51 for cooling and recirculating the exhaust gas, and
a cooler bypass-side passage 52 for recirculating the exhaust
gas with the temperature remaining as it is. The cooler-side
passage 51 is provided with a high-pressure EGR cooler 53
for cooling the exhaust gas passing thereinside. The cooler
bypass-side passage 52 is a passage bypassing the high-
pressure EGR cooler 53. Moreover, a cooler-side EGR valve
54 for changing a cross-sectional area of the cooler-side
passage 51 is disposed in the cooler-side passage 51 down-
stream of the high-pressure EGR cooler 53, and a cooler
bypass-side EGR valve 55 for changing a cross-sectional
area of the cooler bypass-side passage 52 is disposed in the
cooler bypass-side passage 52. The cooler-side EGR valve
54 and the cooler bypass-side EGR valve 55 together
configure a high-pressure EGR valve and adjust the amount
of exhaust gas recirculated by the high-pressure EGR pas-
sage 50 (the cooler-side passage 51 and the cooler bypass-
side passage 52).

The low-pressure EGR passage 60 connects a part of the
exhaust passage 40 downstream of the turbine 204 to a part
of the intake passage 30 upstream of the compressor 20a.
More specifically, the low-pressure EGR passage 60 con-
nects a part of the exhaust passage 40 between the particu-
late filter 44 and the lean NO, catalyst 46 (a part between the
first case 81 and the second case 82) to a part of the intake
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passage 30 between the airflow sensor 32 and the compres-
sor 20a. A low-pressure EGR cooler 61 for cooling the
exhaust gas passing thereinside is disposed in the low-
pressure EGR passage 60. Moreover, a low-pressure EGR
valve 62 for changing a cross-sectional area of the low-
pressure EGR passage 60 is disposed in the low-pressure
EGR passage 60 downstream of the low-pressure EGR
cooler 61.

An exhaust shutter valve 48 is disposed in the exhaust
passage 40 downstream of the connected part to the low-
pressure EGR passage 60 (and upstream of the lean NO,
catalyst 46). The exhaust shutter valve 48 changes a cross-
sectional area of the part of the exhaust passage 40 where the
exhaust shutter valve 48 is disposed, and when the cross-
sectional area becomes smaller (an opening of the exhaust
shutter valve 48 becomes smaller), a pressure in the part of
the exhaust passage 40 connected to the low-pressure EGR
passage 60 increases and a difference between pressures on
the exhaust passage 40 side and the intake passage 30 side
of the low-pressure EGR valve 62 in the low-pressure EGR
passage 60 becomes large. Therefore, by controlling an
opening of the low-pressure EGR valve 62 and the opening
of the exhaust shutter valve 48, the amount of exhaust gas
recirculated by the low-pressure EGR passage 60 is
adjusted.

Moreover, an exhaust pressure sensor 41 for detecting a
pressure of the exhaust gas discharged from the engine 1 is
disposed in the exhaust passage 40 near the upstream side of
the connected part to the high-pressure EGR passage 50.

As illustrated in FIG. 2, signals of values of sensors
including the engine speed sensor 9, the airflow sensor 32,
the intake gas temperature sensor 38, the intake pressure
sensor 39, the exhaust pressure sensor 41, and an accelerator
position sensor 71 for detecting an accelerator position are
inputted to a control unit 100 for controlling the engine 1.
Moreover, the control unit 100 receives, from a transmission
control device 75 for controlling an automatic transmission
(automatic transmission having six forward and reverse gear
ranges in this embodiment) of the vehicle, a signal relating
to information of a current gear range of the automatic
transmission. Thus, the transmission control device 75 con-
figures a gear range detector for detecting the gear range of
the transmission of the vehicle in which the engine 1 is
installed.

The control unit 100 is a controller based on a well-known
microcomputer, and includes a central processing unit
(CPU) for executing program(s), a memory comprised of,
for example, a RAM and/or a ROM and for storing the
program(s) and data, and an input/output (I/O) bus for
inputting and outputting electric signals.

Further, based on the input signals, the control unit 100
controls the VVLs 16, the injectors 17, the VGT throttle
valve 21, the intake shutter valve 37, the exhaust shutter
valve 48, the cooler-side EGR valve 54, the cooler bypass-
side EGR valve 55, and the low-pressure EGR valve 62.

According to an operating state of the engine 1, the
control unit 100 determines a low-pressure EGR target
recirculation amount which is a target value of the amount
of exhaust gas recirculated by the low-pressure EGR pas-
sage 60, and a high-pressure EGR target recirculation
amount which is a target value of the amount of exhaust gas
recirculated by the high-pressure EGR passage 50. In this
embodiment, based on the signals from the engine speed
sensor 9 and the accelerator position sensor 71, in other
words, based on an engine speed Ne and an engine load PE,
the control unit 100 determines the low-pressure EGR target
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recirculation amount and the high-pressure EGR target
recirculation amount, according to the map in FIG. 3.

An “LP” region of the map where either one of the engine
load and the engine speed is high is a region where the
exhaust gas is recirculated only by the low-pressure EGR
passage 60. In the “LP” region of the map, the low-pressure
EGR target recirculation amount is set in advance based on
the engine speed Ne and the engine load PE, and the
high-pressure EGR target recirculation amount is set to zero
in advance. Thus, the cooler-side EGR valve 54 and the
cooler bypass-side EGR valve 55 are fully closed so that all
the exhaust gas is led to the turbine 205 of the exhaust
turbocharger 20 and turbocharged in a high engine load
range where a high torque is needed.

A “cooler-side HP+LP” region of the map where either
one of the engine load and the engine speed is medium is a
region where the exhaust gas is recirculated by the cooler-
side passage 51 of the high-pressure EGR passage 50 and the
low-pressure EGR passage 60, but not by the cooler bypass-
side passage 52 (the cooler bypass-side EGR valve 55 is
fully closed). In the “cooler-side HP+LP” region of the map,
the low-pressure EGR target recirculation amount and the
high-pressure EGR target recirculation amount are set in
advance based on the engine speed Ne and the engine load
PE.

A “cooler bypass-side HP+LP” region of the map where
either one of the engine load and the engine speed is low is
a region where the exhaust gas is recirculated by the cooler
bypass-side passage 52 of the high-pressure EGR passage 50
and the low-pressure EGR passage 60 but not by the
cooler-side passage 51 (the cooler-side EGR valve 54 is
fully closed). In the “cooler bypass-side HP+LP” region of
the map, the low-pressure EGR target recirculation amount
and the high-pressure EGR target recirculation amount are
set in advance based on the engine speed Ne and the engine
load PE.

In the “LP” region, the control unit 100 controls the
openings of the low-pressure EGR valve 62 and the exhaust
shutter valve 48 so that the amount of exhaust gas recircu-
lated by the low-pressure EGR passage 60 becomes the
low-pressure EGR target recirculation amount set in
advance in the map. Thus, the control unit 100 configures a
valve control device.

Specifically, in a case where the gear range of the auto-
matic transmission inputted from the transmission control
device 75 is other than a predetermined low-speed gear
range (in this embodiment, a first gear range), in other
words, the gear range is any one of second to sixth gear
ranges in this embodiment, when the low-pressure EGR
target recirculation amount is smaller than a predetermined
amount Qe0, as illustrated in FIG. 4, the control unit 100
fixes the exhaust shutter valve 48 fully open and sets the
opening of the low-pressure EGR valve 62 to an opening
which allows the recirculation amount of exhaust gas to be
the low-pressure EGR target recirculation amount.

The opening of the low-pressure EGR valve 62 when the
low-pressure EGR target recirculation amount is smaller
than the predetermined amount Qe0 may be adjusted by an
open-loop control to be a predetermined opening according
to the low-pressure EGR target recirculation amount (the
opening which becomes larger as the low-pressure EGR
target recirculation amount becomes larger as illustrated in
FIG. 4); however, in this embodiment, the opening of the
low-pressure EGR valve 62 is adjusted by a feedback
control so that the amount of exhaust gas recirculated by the
low-pressure EGR passage 60 is accurately adjusted to the
low-pressure EGR target recirculation amount.
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Specifically, the control unit 100 first calculates an intake
air fill amount to be introduced into the engine 1 based on
the gas temperature detected by the intake gas temperature
sensor 38 and the gas pressure detected by the intake
pressure sensor 39. The intake air fill amount is the sum of
an amount of fresh air introduced into the intake passage 30
and the amount of exhaust gas recirculated from the exhaust
passage 40 to the intake passage 30 (in the “LP” region, the
exhaust gas recirculated by the low-pressure EGR passage
60, and in the “cooler-side HP+L.P” and “cooler bypass-side
HP+LP” regions, the exhaust gas recirculated by the high-
pressure and low-pressure EGR passages 50 and 60). The
intake air fill amount corresponds to a total amount of intake
gas introduced into the engine 1, and the flow rate of intake
air detected by the airflow sensor 32 corresponds to the fresh
air amount. Therefore, the intake gas temperature sensor 38
and the intake pressure sensor 39 configure a total intake gas
amount detector for detecting the total amount of intake gas
introduced into the engine 1, and the airflow sensor 32
configures a fresh air amount detector for detecting the
amount of fresh air introduced into the engine 1.

Further, the control unit 100 calculates an actual recircu-
lation amount of exhaust gas (in the “LP” region, an actual
amount of exhaust gas recirculated by the low-pressure EGR
passage 60) by subtracting the fresh air amount from the
intake air fill amount (total intake gas amount), and the
control unit 100 feedback-controls the opening of the low-
pressure EGR valve 62 with the exhaust shutter valve 48
fixed fully open so that the actual recirculation amount
becomes the low-pressure EGR target recirculation amount.

Moreover, in the case where the gear range of the auto-
matic transmission inputted from the transmission control
device 75 is other than the predetermined low-speed gear
range, when the low-pressure EGR target recirculation
amount is larger than the predetermined amount Qe0, as
illustrated in FIG. 4, the control unit 100 fixes the low-
pressure EGR valve 62 fully open and sets the opening of the
exhaust shutter valve 48 to an opening which allows the
recirculation amount of exhaust gas to be the low-pressure
EGR target recirculation amount. Specifically, when the
low-pressure EGR target recirculation amount becomes
larger than the predetermined amount Qe0, since the recir-
culation amount of exhaust gas cannot be increased anymore
with the low-pressure EGR valve 62 fully open already, the
difference between the pressures on the exhaust passage 40
side and the intake passage 30 side of the low-pressure EGR
valve 62 in the low-pressure EGR passage 60 is increased by
closing the exhaust shutter valve 48, so as to increase the
recirculation amount of exhaust gas. Therefore, the exhaust
shutter valve 48 is gradually narrowed as the low-pressure
EGR target recirculation amount becomes larger.

The opening of the exhaust shutter valve 48 when the
low-pressure EGR target recirculation amount is larger than
the predetermined amount Qe0 may be adjusted, by an
open-loop control, to be an opening determined in advance
according to the low-pressure EGR target recirculation
amount (the opening which becomes smaller as the low-
pressure EGR target recirculation amount becomes larger as
illustrated in FIG. 4); however, in this embodiment, the
opening of the exhaust shutter valve 48 is adjusted by a
feedback control so that the amount of exhaust gas recircu-
lated by the low-pressure EGR passage 60 is accurately
adjusted to the low-pressure EGR target recirculation
amount. Specifically, the control unit 100 feedback-controls
the opening of the exhaust shutter valve 48 with the low-
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pressure EGR valve 62 fixed fully open so that the actual
recirculation amount becomes the low-pressure EGR target
recirculation amount.

On the other hand, in a case where the gear range of the
automatic transmission inputted from the transmission con-
trol device 75 is the predetermined low-speed gear range (in
this embodiment, the first gear range), as illustrated in FIG.
5, the control unit 100 sets the opening of the exhaust shutter
valve 48 to an opening that is determined in advance
according to the low-pressure EGR target recirculation
amount and is larger than fully closed but smaller than fully
open, and the control unit 100 also sets the opening of the
low-pressure EGR valve 62 to the opening which allows the
recirculation amount of exhaust gas to be the low-pressure
EGR target recirculation amount with the exhaust shutter
valve 48 set at the predetermined opening. The predeter-
mined opening becomes smaller as the low-pressure EGR
target recirculation amount becomes larger, and changes
between 20% and 30%, for example.

Specifically, when the automatic transmission is in the
first gear range, the engine speed changes greatly with
respect to the accelerator position, and the low-pressure
EGR target recirculation amount also changes greatly
according to the change in the engine speed. In this case, if
the exhaust shutter valve 48 is fully open, the difference
between the pressures on the exhaust passage 40 side and the
intake passage 30 side of the low-pressure EGR valve 62 in
the low-pressure EGR passage 60 is comparatively small.
Therefore, while the low-pressure EGR target recirculation
amount changes significantly, in order to reach the changed
low-pressure EGR target recirculation amount by the low-
pressure EGR valve 62, the opening of the low-pressure
EGR valve 62 needs to be changed greatly, which causes a
problem that a follow-up responsiveness of the opening of
the low-pressure EGR valve 62 with respect to the change in
the low-pressure EGR target recirculation amount degrades.

Therefore, when the automatic transmission is in the first
gear range, the opening of the exhaust shutter valve 48 is set
to the small opening as described above. Thus, even if the
low-pressure EGR target recirculation amount changes
greatly, the required change amount of the opening of the
low-pressure EGR valve 62 for reaching the changed low-
pressure EGR target recirculation amount can be small, and
as a result, the follow-up responsiveness of the opening of
the low-pressure EGR valve 62 with respect to the change in
the low-pressure EGR target recirculation amount improves.

The opening of the low-pressure EGR valve 62 when the
automatic transmission is in the first gear range may be
adjusted, by an open-loop control, to be a predetermined
opening according to the low-pressure EGR target recircu-
lation amount (the opening which becomes larger as the
low-pressure EGR target recirculation amount becomes
larger as illustrated in FIG. 5); however, in this embodiment,
the control unit 100 performs a feedback control to adjust the
opening of the low-pressure EGR valve 62 so that the actual
recirculation amount becomes the low-pressure EGR target
recirculation amount with the opening of the exhaust shutter
valve 48 set at the predetermined opening. The reason why
the opening of the low-pressure EGR valve 62 is feedback-
controlled instead of the opening of the exhaust shutter valve
48, is because the controllability of the feedback control can
be improved. In other words, while the exhaust shutter valve
48 changes the cross-sectional area of the exhaust passage
40 having a large diameter, the low-pressure EGR valve 62
changes the cross-sectional area of the low-pressure EGR
passage 60 having a smaller diameter than that of the
exhaust passage 40, and therefore, the low-pressure EGR
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valve 62 can control the recirculation amount more finely
than the exhaust shutter valve 48. As a result, the low-
pressure EGR valve 62 can improve the controllability of the
feedback control.

Moreover, in the “cooler-side HP+LP” region, the control
unit 100 controls, in addition to the openings of the low-
pressure EGR valve 62 and the exhaust shutter valve 48, the
opening of the cooler-side EGR valve 54 so that the amount
of exhaust gas recirculated by the cooler-side passage 51
becomes the high-pressure EGR target recirculation amount
set in advance in the map. Specifically, based on the differ-
ence between the exhaust gas pressure detected by the
exhaust pressure sensor 41 and the gas pressure detected by
the intake pressure sensor 39, and the high-pressure EGR
target recirculation amount, the opening which allows the
amount of exhaust gas recirculated by the cooler-side pas-
sage 51 to be the high-pressure EGR target recirculation
amount is calculated, and the opening of the cooler-side
EGR valve 54 is set to the calculated opening. Note that in
this embodiment, by using the calculated opening as a basic
opening (the control of setting the basic opening is referred
to as the basic control), a first correction control and a
second correction control are performed as described later,
in addition to the basic control.

The control of the openings of the low-pressure EGR
valve 62 and the exhaust shutter valve 48 in the “cooler-side
HP+LP” region is similar to the control in the “LP” region,
in which the feedback control of the opening of the low-
pressure EGR valve 62 when the automatic transmission is
in other than the first gear range (in any one of the second
to sixth gear ranges) and the low-pressure EGR target
recirculation amount is smaller than the predetermined
amount Qe0, the feedback control of the opening of the
exhaust shutter valve 48 when the automatic transmission is
in other than the first gear range and the low-pressure EGR
target recirculation amount is larger than the predetermined
amount Qe0, and the feedback control of the opening of the
low-pressure EGR valve when the automatic transmission is
in the first gear range are performed similarly to those in the
“LP” region.

Note that when the exhaust gas is recirculated by both of
the low-pressure and high-pressure EGR passages 60 and 50
as in the “cooler-side HP+LP” region, in the feedback
control of the opening of either one of the low-pressure EGR
valve 62 and the exhaust shutter valve 48, the control unit
100 uses, instead of the actual recirculation amount, a
low-pressure EGR actual recirculation amount calculated by
subtracting the fresh air amount and the high-pressure EGR
target recirculation amount from the total intake gas amount,
to feedback-control the opening of either one of the low-
pressure EGR valve 62 and the exhaust shutter valve 48 so
that the low-pressure EGR actual recirculation amount
becomes the low-pressure EGR target recirculation amount.
In the “cooler-side HP+LP” region, the actual recirculation
amount described above is the sum of the low-pressure EGR
actual recirculation amount which is the actual amount of
exhaust gas recirculated by the low-pressure EGR passage
60, and the actual amount of exhaust gas recirculated by the
cooler-side passage 51. Note that in this embodiment, in the
calculation of the low-pressure EGR actual recirculation
amount, the high-pressure EGR target recirculation amount
substitutes for the actual amount of exhaust gas recirculated
by the cooler-side passage 51.

Further, the control unit 100 performs the first correction
control on the basic opening of the high-pressure EGR valve
(in the “cooler-side HP+LP” region, the cooler-side EGR
valve 54) set in the basic control, so that the amount of
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exhaust gas recirculated by the high-pressure EGR passage
50 is corrected by a deviation amount between the low-
pressure EGR actual recirculation amount and the low-
pressure EGR target recirculation amount during the feed-
back control.

Specifically, in the feedback control, a time delay occurs
for the low-pressure EGR actual recirculation amount to
become the low-pressure EGR target recirculation amount,
and an excess/deficiency of the low-pressure EGR actual
recirculation amount with respect to the low-pressure EGR
target recirculation amount occurs during the time delay.
Therefore, when the exhaust gas is recirculated by both of
the low-pressure and high-pressure EGR passages 60 and
50, first, the opening of either one of the low-pressure EGR
valve 62 and the exhaust shutter valve 48 is feedback-
controlled so that the low-pressure EGR actual recirculation
amount becomes the low-pressure EGR target recirculation
amount as described above. Then, the excess/deficiency
amount (deviation amount) of the low-pressure EGR actual
recirculation amount with respect to the low-pressure EGR
target recirculation amount caused by the time delay in the
feedback control is corrected on the high-pressure EGR
valve side. In other words, when the low-pressure EGR
actual recirculation amount is less than the low-pressure
EGR target recirculation amount, the amount of exhaust gas
recirculated by the high-pressure EGR passage 50 is
increased compared to the amount corresponding to the
opening of the high-pressure EGR valve set by the basic
control, and when the low-pressure EGR actual recirculation
amount exceeds the low-pressure EGR target recirculation
amount, the amount of exhaust gas recirculated by the
high-pressure EGR passage 50 is reduced compared to the
amount corresponding to the opening of the high-pressure
EGR valve set by the basic control, so that the total amount
of exhaust gas recirculated by the low-pressure and high-
pressure EGR passages becomes a total target recirculation
amount which is the sum of the low-pressure EGR target
recirculation amount and the high-pressure EGR target
recirculation amount. Note that if the deviation is zero, a first
correction amount in the first correction control becomes
Zero.

Here, the deviation is a deviation between the low-
pressure EGR actual recirculation amount at a timing before
the current timing by a predetermined period of time, and the
low-pressure EGR target recirculation amount at the current
timing, and the predetermined time period is desirable to
correspond to a delayed period of time for the exhaust gas
recirculated by the low-pressure EGR passage 60 to arrive at
the connected part of the intake passage 30 to the high-
pressure EGR passage 50, compared to the exhaust gas
recirculated by the high-pressure EGR passage 50. In this
embodiment, the predetermined time period is set to corre-
spond to the arrival delayed period of time. Specifically,
since the connected part of the intake passage 30 to the
low-pressure EGR passage 60 is positioned upstream of the
connected part to the high-pressure EGR passage 50, the
exhaust gas recirculated by the low-pressure EGR passage
60 arrives at the connected part of the intake passage 30 to
the high-pressure EGR passage 50 (and consequently to the
cylinder of the engine 1) with the predetermined period of
time of delay compared to the exhaust gas recirculated by
the high-pressure EGR passage 50. Thus, a more accurate
deviation can be obtained through correcting the amount of
exhaust gas recirculated by the high-pressure EGR passage
50 by the deviation amount between the low-pressure EGR
actual recirculation amount at the timing before the current
timing by the predetermined time period and the low-
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pressure EGR target recirculation amount at the current
timing, and as a result, the total amount of exhaust gas
recirculated by the low-pressure and high-pressure EGR
passages 60 and 50 can be adjusted to the total target
recirculation amount more accurately.

Moreover, when the low-pressure EGR target recircula-
tion amount is changed, after this change, for the predeter-
mined time period corresponding to the delayed time period
for the exhaust gas recirculated by the low-pressure EGR
passage to arrive at the connected part of the intake passage
to the high-pressure EGR passage compared to the exhaust
gas recirculated by the high-pressure EGR passage, instead
of the first correction control, the control unit 100 performs
the second correction control on the opening of the high-
pressure EGR valve set by the basic control so that the
amount of exhaust gas recirculated by the high-pressure
EGR passage 50 is corrected by the amount corresponding
to the difference in the low-pressure EGR target recircula-
tion amount before and after being changed. The first
correction control is performed after the predetermined time
period.

Specifically, when the operating state of the engine 1
changes and the low-pressure EGR target recirculation
amount is changed, even after this change, for the predeter-
mined time period, the exhaust gas flows with the low-
pressure EGR target recirculation amount before being
changed. Therefore, for the predetermined time period after
the change in the low-pressure EGR target recirculation
amount, the amount of exhaust gas recirculated by the
high-pressure EGR passage 50 is corrected by the amount
corresponding to the difference in the low-pressure EGR
target recirculation amount before and after being changed.
For example, when the low-pressure EGR target recircula-
tion amount is changed to be smaller than before, for the
predetermined time period after the change, the amount of
exhaust gas recirculated by the high-pressure EGR passage
50 is reduced. Therefore, also for the predetermined time
period after the change in the low-pressure EGR target
recirculation amount, the total amount of exhaust gas recir-
culated by the low-pressure and high-pressure EGR pas-
sages 60 and 50 can be adjusted to the total target recircu-
lation amount more accurately.

Further, in the “cooler bypass-side HP+LP” region, the
control unit 100 controls, in addition to the openings of the
low-pressure EGR valve 62 and the exhaust shutter valve 48,
the opening of the cooler bypass-side EGR valve 55 so that
the amount of exhaust gas recirculated by the cooler bypass-
side passage 52 becomes the high-pressure EGR target
recirculation amount which is set in advance in the map. In
other words, based on the difference between the exhaust gas
pressure detected by the exhaust pressure sensor 41 and the
gas pressure detected by the intake pressure sensor 39, and
the high-pressure EGR target recirculation amount, the
opening which allows the amount of exhaust gas recircu-
lated by the cooler bypass-side passage 52 to be the high-
pressure EGR target recirculation amount is calculated, and
the opening of the cooler bypass-side EGR valve 55 is set to
the calculated opening. In this embodiment, by using the
calculated opening as a basic opening, the first correction
control and the second correction control are performed on
the basic opening as described above.

The control of the openings of the low-pressure EGR
valve 62 and the exhaust shutter valve 48 in the “cooler
bypass-side HP+LP” region is similar to the control in the
“cooler-side HP+LP” region, and the control unit 100 uses,
instead of the actual recirculation amount, the low-pressure
EGR actual recirculation amount calculated by subtracting
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the fresh air amount and the high-pressure EGR target
recirculation amount from the total intake gas amount, to
feedback-control the opening of either one of the low-
pressure EGR valve 62 and the exhaust shutter valve 48 so
that the low-pressure EGR actual recirculation amount
becomes the low-pressure EGR target recirculation amount.
In the “cooler bypass-side HP+LP” region, the actual recir-
culation amount described above is the sum of the low-
pressure EGR actual recirculation amount and the actual
amount of exhaust gas recirculated by the cooler bypass-side
passage 52.

Moreover, the control of the high-pressure EGR valve
(cooler bypass-side EGR valve 55) in the “cooler bypass-
side HP+LP” region is also similar to the control in the
“cooler-side HP+LLP” region, where the basic control and
either one of the first and second correction control are
performed.

Here, the control operation of the low-pressure EGR
valve 62 and the exhaust shutter valve 48 performed by the
control unit 100 is described based on the flowcharts in
FIGS. 6 and 7, and the control operation of the high-pressure
EGR valve (the cooler-side EGR valve 54 and the cooler
bypass-side EGR valve 55) performed by the control unit
100 is described based on the flowchart in FIG. 8.

First, at S1, an accelerator position Acc from the accel-
erator position sensor 71, the engine speed Ne from the
engine speed sensor 9, the gear range of the automatic
transmission from the transmission control device 75, a
sensor value Qa from the airflow sensor 32, a sensor value
Tg from the intake gas temperature sensor 38, a sensor value
Pa from the intake pressure sensor 39, and a sensor value
Pex from the exhaust pressure sensor 41 are read.

Next, at S2, based on the engine speed Ne and the
accelerator position Acc (corresponding to the engine load
PE), the low-pressure and high-pressure EGR target recir-
culation amounts (and the total target recirculation amount
which is the sum of the low-pressure EGR target recircula-
tion amount and the high-pressure EGR target recirculation
amount) are determined according to the map in FIG. 3.
Note that in the “LP” region, the high-pressure EGR target
recirculation amount becomes zero, and the low-pressure
EGR target recirculation amount and the total target recir-
culation amount become the same value.

Next, at S4, whether the automatic transmission is in the
first gear range is determined, and if the result at S4 is
positive, the operation proceeds to S5; whereas if the result
at S4 is negative (i.e., the automatic transmission is in any
one of the second to sixth gear ranges), the operation
proceeds to S11.

At S5, the exhaust shutter valve 48 is set to the opening
which is determined according to the low-pressure EGR
target recirculation amount (the predetermined opening
larger than fully closed but smaller than fully open), and
next, at S6, the low-pressure EGR valve 62 is set to the
opening which is determined according to the low-pressure
EGR target recirculation amount, in other words, the open-
ing which allows the recirculation amount of exhaust gas to
be the low-pressure EGR target recirculation amount with
the exhaust shutter valve 48 set at the predetermined open-
ing.

Next, at S7, the low-pressure EGR actual recirculation
amount is calculated based on the airflow sensor value Qa,
the intake gas temperature sensor value Tg, the intake
pressure sensor value Pa, the exhaust pressure sensor value
Pex, and the opening of the high-pressure EGR valve. In the
“LP” region, the low-pressure EGR actual recirculation
amount is the actual amount of exhaust gas recirculated by
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the low-pressure EGR passage 60, and is calculated by
subtracting the fresh air amount from the total intake gas
amount. In the “cooler-side HP+LP” region and the “cooler
bypass-side HP+LP” region, the low-pressure EGR actual
recirculation amount is calculated by subtracting the fresh
air amount and the amount of exhaust gas recirculated by the
high-pressure EGR passage 50, from the total intake gas
amount, the amount of exhaust gas recirculated by the
high-pressure EGR passage 50 being calculated based on the
difference between the intake pressure sensor value Pa and
the exhaust pressure sensor value Pex, and the opening of
the high-pressure EGR valve.

Next, at S8, whether the low-pressure EGR actual recir-
culation amount (in the flowchart, simply described as the
“actual recirculation amount”) matches with the low-pres-
sure EGR target recirculation amount is determined. If the
result at S8 is positive, the operation proceeds to S9;
whereas if the result at S8 is negative, the operation proceeds
to S10.

At S9, whether the operating state of the engine 1 (the
engine speed Ne and the accelerator position Acc) has
changed, in other words, whether the low-pressure and
high-pressure  EGR target recirculation amounts have
changed, is determined. If the result at S9 is positive, the
operation returns back to START; whereas if the result at S9
is negative, the operation returns back to S8.

At 810 to which the operation proceeds when the result at
S8 is negative, the low-pressure EGR valve 62 is feedback-
controlled so that the low-pressure EGR actual recirculation
amount becomes the low-pressure EGR target recirculation
amount, and the operation returns back to S7 thereafter.

At S11 to which the operation proceeds when the result at
S4 is negative, whether the low-pressure EGR target recir-
culation amount is smaller than Qe0 is determined, and if the
result at S11 is positive, the operation proceeds to S12;
whereas if the result at S11 is negative, the operation
proceeds to S14.

At S12, the exhaust shutter valve 48 is fully opened, and
next, at S13, the low-pressure EGR valve 62 is set to the
opening which is determined according to the low-pressure
EGR target recirculation amount, in other words, the open-
ing which allows the recirculation amount of exhaust gas to
be the low-pressure EGR target recirculation amount with
the exhaust shutter valve 48 fully open, and the operation
proceeds to S7 thereafter. Thus, similarly to the case where
the automatic transmission is in the first gear range, if the
low-pressure EGR actual recirculation amount does not
match with the low-pressure EGR target recirculation
amount, the low-pressure EGR valve 62 is feedback-con-
trolled so that the actual recirculation amount becomes the
total target recirculation amount.

At S14 to which the operation proceeds when the result at
S11 is negative, the low-pressure EGR valve 62 is fully
opened, and next, at S15, the exhaust shutter valve 48 is set
to the opening which is determined according to the low-
pressure EGR target recirculation amount, in other words,
the opening which allows the recirculation amount of
exhaust gas to be the low-pressure EGR target recirculation
amount with the low-pressure EGR valve 62 fully open.

Next, at S16, the low-pressure EGR actual recirculation
amount is calculated based on the airflow sensor value Qa,
the intake gas temperature sensor value Tg, the intake
pressure sensor value Pa, the exhaust pressure sensor value
Pex, and the opening of the high-pressure EGR wvalve.
Similarly to the low-pressure EGR actual recirculation
amount at S7, in the “LP” region, the low-pressure EGR
actual recirculation amount at S16 is also the actual amount
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of exhaust gas recirculated by the low-pressure EGR pas-
sage 60 and is calculated by subtracting the fresh air amount
from the total intake gas amount, and in the “cooler-side
HP+LP” region and the “cooler bypass-side HP+LP” region,
the low-pressure EGR actual recirculation amount at S16 is
calculated by subtracting the fresh air amount and the
amount of exhaust gas recirculated by the high-pressure
EGR passage 50, from the total intake gas amount, the
amount of exhaust gas recirculated by the high-pressure
EGR passage 50 being calculated based on the difference
between the intake pressure sensor value Pa and the exhaust
pressure sensor value Pex, and the opening of the high-
pressure EGR valve.

Next, at S17, whether the low-pressure EGR actual recir-
culation amount (in the flowchart simply described as the
“actual recirculation amount”) matches with the low-pres-
sure EGR target recirculation amount is determined. If the
result at S17 is positive, the operation proceeds to S18;
whereas if the result at S17 is negative, the operation
proceeds to S19.

At S18, whether the operating state of the engine 1 (the
engine speed Ne and the accelerator position Acc) has
changed, in other words, whether the low-pressure and
high-pressure  EGR target recirculation amounts have
changed, is determined. If the result at S18 is positive, the
operation returns back to START; whereas if the result at
S18 is negative, the operation returns back to S17.

At S19 to which the operation proceeds when the result at
S17 is negative, the exhaust shutter valve 48 is feedback-
controlled so that the low-pressure EGR actual recirculation
amount becomes the low-pressure EGR target recirculation
amount, and the operation returns back to S16 thereafter.

On the other hand, in the control of the high-pressure
EGR valve, first, at S21, the accelerator position Acc from
the accelerator position sensor 71, the engine speed Ne from
the engine speed sensor 9, the gear range of the automatic
transmission from the transmission control device 75, the
sensor value Qa from the airflow sensor 32, the sensor value
Tg from the intake gas temperature sensor 38, the sensor
value Pa from the intake pressure sensor 39, and the sensor
value Pex from the exhaust pressure sensor 41 are read.

Next, at S22, based on the engine speed Ne and the
accelerator position Acc (corresponding to the engine load
PE), the low-pressure and high-pressure EGR target recir-
culation amounts (and the total target recirculation amount
which is the sum of the low-pressure EGR target recircula-
tion amount and the high-pressure EGR target recirculation
amount) are determined according to the map in FIG. 3.
Note that in the “LP” region, the high-pressure target
recirculation amount becomes zero.

Next, at S23, the basic opening of the high-pressure EGR
valve (the cooler-side EGR valve 54 and the cooler bypass-
side EGR valve 55) is set based on the difference between
the exhaust pressure sensor value Pex and the intake pres-
sure sensor value Pa (Pex—Pa), and the high-pressure EGR
target recirculation amount (i.e., by the basic control).

Next, at S24, whether the predetermined time period has
passed since the change in the operating state of the engine
1 to the current operating state, in other words, since the
change in the low-pressure EGR target recirculation amount
to the current target recirculation amount, is determined.

If the result at S24 is positive, the operation proceeds to
S25, where the deviation between the low-pressure EGR
target recirculation amount (current low-pressure EGR tar-
get recirculation amount) and the low-pressure EGR actual
recirculation amount at the timing before the current timing
by the predetermined time period is calculated, and in order
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to compensate for the deviation, the first correction amount
is set for the basic opening of the high-pressure EGR valve
set by the basic control, and the operation proceeds to S27.

On the other hand, if the result at S24 is negative, the
operation proceeds to S26, where the difference in the
low-pressure EGR target recirculation amount before and
after the change in the operating state of the engine 1 is set
as a second correction amount for the basic opening, and the
operation proceeds to S27.

At S27, the corrected opening of the high-pressure EGR
valve is set based on the basic opening and either one of the
first and second correction amounts, and the operation
returns back to START thereafter.

Therefore, in this embodiment, in the case where the
automatic transmission is in other than the predetermined
low-speed gear range (in any one of the second to sixth gear
ranges in this embodiment), when the low-pressure EGR
target recirculation amount which is set in advance accord-
ing to the operating state of the engine 1 is smaller than the
predetermined amount Qe0, in the state where the exhaust
shutter valve 48 is fixed fully open, the opening of the
low-pressure EGR valve 62 is feedback-controlled so that
the low-pressure EGR actual recirculation amount calcu-
lated by subtracting the fresh air amount and the high-
pressure EGR target recirculation amount from the total
intake gas amount (in the “LP” region, the actual recircu-
lation amount calculated by subtracting the fresh air amount
from the total intake gas amount) becomes the low-pressure
EGR target recirculation amount. Moreover, when the low-
pressure EGR target recirculation amount is larger than the
predetermined amount Qe0, in the state where the low-
pressure EGR valve 62 is fixed fully open, the opening of the
exhaust shutter valve 48 is feedback-controlled so that the
low-pressure EGR actual recirculation amount (in the “LP”
region, the actual recirculation amount calculated by sub-
tracting the fresh air amount from the total intake gas
amount) becomes the low-pressure EGR target recirculation
amount.

On the other hand, in the case where the automatic
transmission is in the predetermined low-speed gear range
(the first gear range in this embodiment), in the state where
the opening of the exhaust shutter valve 48 is set to the
predetermined opening which is larger than fully closed but
smaller than fully open according to the low-pressure EGR
target recirculation amount, the opening of the low-pressure
EGR valve 62 is feedback-controlled so that the low-
pressure EGR actual recirculation amount (in the “LP”
region, the actual recirculation amount calculated by sub-
tracting the fresh air amount from the total intake gas
amount) becomes the low-pressure EGR target recirculation
amount. Thus, when the engine is in operation with the
transmission being in other than the predetermined low-
speed gear range, the fuel consumption can be kept low by
reducing an exhaust pressure loss of the turbine 206 of the
exhaust turbocharger 20 as much as possible, and when the
engine is in operation with the transmission being in the
predetermined low-speed gear range (when the engine is in
operation where the engine speed changes greatly with
respect to the accelerator position and the low-pressure EGR
target recirculation amount also changes greatly according
to the change in the engine speed), the follow-up respon-
siveness of the opening of the low-pressure EGR valve 62
with respect to the change in the low-pressure EGR target
recirculation amount can be improved.

Moreover, when the exhaust gas is recirculated by both of
the low-pressure and high-pressure EGR passages 60 and
50, in the feedback control of the opening of either one of
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the low-pressure EGR valve 62 and the exhaust shutter valve
48, the opening of either one of the low-pressure EGR valve
62 and the exhaust shutter valve 48 is feedback-controlled so
that the low-pressure EGR actual recirculation amount,
instead of the actual recirculation amount described above,
becomes the low-pressure EGR target recirculation amount,
and the opening of the high-pressure EGR valve is set such
that it is adjusted from the basic opening which is set by the
basic control, in view of the excess/deficiency of the low-
pressure EGR actual recirculation amount with respect to the
low-pressure EGR target recirculation amount due to the
time delay in the feedback control, and the delay of the
exhaust gas recirculated by the low-pressure EGR passage
60 due to the connected part of the intake passage 30 to the
low-pressure EGR passage 60 being positioned upstream of
the connected part to the high-pressure EGR passage 50.
Therefore, the total amount of exhaust gas recirculated by
the low-pressure and high-pressure EGR passages 60 and 50
can be accurately adjusted to the total target recirculation
amount.

The present invention is not limited to this embodiment,
and may be modified without deviating from the spirit and
scope of the claims.

For example, in this embodiment, the predetermined
low-speed gear range is the first gear range; however,
without being limiting to this, it may be the first and second
gear ranges. In this case, also when the automatic transmis-
sion is in the second gear range, the control as in the first
gear range in this embodiment is performed.

Moreover, in this embodiment, only one exhaust turbo-
charger 20 is provided for the engine 1; however, two or
more exhaust turbochargers may be provided. In this case,
the low-pressure EGR passage 60 connects the part of the
exhaust passage 40 downstream of the turbine which is
positioned the furthest downstream among all the turbines,
to the part of the intake passage 30 upstream of the com-
pressor which is positioned the furthest upstream among all
the compressors. Moreover, the high-pressure EGR passage
50 connects the part of the exhaust passage 40 upstream of
the turbine which is positioned the furthest upstream among
all the turbines, to the part of the intake passage 30 down-
stream of the compressor which is positioned the furthest
downstream among all the compressors.

The above-described embodiment is merely an illustra-
tion, and therefore, it must not be interpreted in a limited
way. The scope of the present invention is defined by the
following claims, and all of modifications and changes
falling under the equivalent range of the claims are within
the scope of the present invention.

The present invention is effective for an exhaust gas
recirculation control device for an engine, which includes an
exhaust turbocharger having a turbine disposed in an
exhaust passage of the engine and a compressor disposed in
an intake passage, a low-pressure EGR passage connecting
a part of the exhaust passage downstream of the turbine to
a part of the intake passage upstream of the compressor, a
low-pressure EGR valve disposed in the low-pressure EGR
passage and for changing a cross-sectional area of the
low-pressure EGR passage, an exhaust shutter valve dis-
posed downstream of a connected part of the exhaust
passage to the low-pressure EGR passage and for changing
a cross-sectional area of the exhaust passage, and a valve
control device for controlling openings of the low-pressure
EGR valve and the exhaust shutter valve so that an amount
of'exhaust gas of the engine recirculated by the low-pressure
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EGR passage becomes a low-pressure EGR target recircu-
lation amount set in advance according to an operating state
of the engine.

It should be understood that the embodiments herein are
illustrative and not restrictive, since the scope of the inven-
tion is defined by the appended claims rather than by the
description preceding them, and all changes that fall within
metes and bounds of the claims, or equivalence of such
metes and bounds thereof, are therefore intended to be
embraced by the claims.

Description of Reference Characters

1 Engine

20 Exhaust Turbocharger

20a Compressor

205 Turbine

30 Intake Passage

32 Airflow Sensor (Fresh Air Amount Detector)

38 Intake Gas Temperature Sensor (Total Intake Gas

Amount Detector)

39 Intake Pressure Sensor (Total Intake Gas Amount Detec-
tor)

40 Exhaust Passage

48 Exhaust Shutter Valve

50 High-pressure EGR Passage

51 Cooler-side Passage

52 Cooler Bypass-side Passage

54 Cooler-side EGR Valve (High-pressure EGR Valve)

55 Cooler Bypass-side EGR Valve (High-pressure EGR

Valve)

60 Low-pressure EGR Passage

62 Low-pressure EGR Valve

75 Transmission Control Device (Gear Range Detector)
100 Control Unit (Valve Control Device)

What is claimed is:

1. A turbocharged internal combustion engine having an
exhaust gas recirculation (EGR) control system, comprising:

an exhaust turbocharger having a turbine disposed in an
exhaust passage of the engine and a compressor dis-
posed in an intake passage;

a low-pressure EGR passage connecting a part of the
exhaust passage downstream of the turbine to a part of
the intake passage upstream of the compressor;

a low-pressure EGR valve disposed in the low-pressure
EGR passage and for changing a cross-sectional area of
the low-pressure EGR passage;

an exhaust shutter valve disposed downstream of the
connected part of the exhaust passage to the low-
pressure EGR passage, and for changing a cross-sec-
tional area of the exhaust passage;

a valve controller operatively coupled to the low-pressure
EGR valve and the exhaust shutter valve, the valve
controller for controlling openings of the low-pressure
EGR valve and the exhaust shutter valve so that an
amount of exhaust gas of the engine recirculated by the
low-pressure EGR passage becomes a low-pressure
EGR target recirculation amount that is set in advance
according to an operating state of the engine; and

a gear range detector for detecting a gear range of a
transmission of a vehicle in which the engine is
installed, the transmission being operable in a plurality
of gear ranges including a predetermined low-speed
gear range,

wherein when the gear range detected by the gear range
detector is gear range other than the predetermined
low-speed gear range among the plurality of gear
ranges, and when the low-pressure EGR target recir-
culation amount is smaller than a predetermined
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amount, the valve controller fixes the exhaust shutter
valve fully open and sets the opening of the low-
pressure EGR valve to an opening that allows the
recirculation amount of exhaust gas to be the low-
pressure EGR target recirculation amount, and when
the low-pressure EGR target recirculation amount is
larger than the predetermined amount, the valve con-
troller fixes the low-pressure EGR valve fully open and
sets the opening of the exhaust shutter valve to an
opening that allows the recirculation amount of exhaust
gas to be the low-pressure EGR target recirculation
amount, and

wherein when the gear range detected by the gear range
detector is the predetermined low-speed gear range, the
valve controller sets the opening of the exhaust shutter
valve to a predetermined opening that is larger than
fully closed but smaller than fully open according to the
low-pressure EGR target recirculation amount, and sets
the opening of the low-pressure EGR valve to an
opening that allows the recirculation amount of the
exhaust gas to be the low-pressure EGR target recir-
culation amount.

2. The turbocharged internal combustion engine of claim

1, further comprising:

a total intake gas amount detector for detecting a total
intake gas amount introduced into the engine; and

a fresh air amount detector for detecting a fresh air
amount introduced into the engine,

wherein when the gear range detected by the gear range
detector is other than the predetermined low-speed gear
range, when the low-pressure EGR target recirculation
amount is smaller than the predetermined amount, and
when the exhaust shutter valve is fixed fully open, the
valve controller performs a feedback control of the
opening of the low-pressure EGR valve so that an
actual recirculation amount becomes the low-pressure
EGR target recirculation amount, and when the low-
pressure EGR target recirculation amount is larger than
the predetermined amount, and when the low-pressure
EGR valve is fixed fully open, the valve controller
performs a feedback control of the opening of the
exhaust shutter valve so that the actual recirculation
amount becomes the low-pressure EGR target recircu-
lation amount, the actual recirculation amount calcu-
lated by subtracting the fresh air amount detected by
the fresh air amount detector from the total intake gas
amount detected by the total intake gas amount detec-
tor, and

wherein when the gear range detected by the gear range
detector is the predetermined low-speed gear range,
and when the opening of the exhaust shutter valve is set
to the predetermined opening, the valve controller
performs the feedback control of the opening of the
low-pressure EGR valve so that the actual recirculation
amount becomes the low-pressure EGR target recircu-
lation amount.

3. The turbocharged internal combustion engine of claim

2, further comprising:

a high-pressure EGR passage connecting a part of the
exhaust passage upstream of the turbine to a part of the
intake passage downstream of the compressor; and

a high-pressure EGR valve disposed in the high-pressure
EGR passage and for changing a cross-sectional area of
the high-pressure EGR passage,

wherein when the exhaust gas is recirculated by both of
the low-pressure and high-pressure EGR passages, the
valve controller performs a basic control of an opening
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of the high-pressure EGR valve so that the amount of
exhaust gas of the engine recirculated by the high-
pressure EGR passage becomes a high-pressure EGR
target recirculation amount that is set in advance
according to the operating state of the engine,
wherein when the exhaust gas is recirculated by both of
the low-pressure and high-pressure EGR passages, in
the feedback control of the opening of either one of the
low-pressure EGR valve and the exhaust shutter valve,
the valve controller uses, instead of the actual recircu-
lation amount, a low-pressure EGR actual recirculation
amount to perform the feedback control so that the
low-pressure EGR actual recirculation amount
becomes the low-pressure EGR target recirculation
amount, the low-pressure EGR actual recirculation
amount calculated by subtracting the fresh air amount
detected by the fresh air amount detector and the
high-pressure EGR target recirculation amount from
the total intake gas amount detected by the total intake
gas amount detector, and
wherein when the exhaust gas is recirculated by both of
the low-pressure and high-pressure EGR passages, the
valve controller performs a first correction control on
the opening of the high-pressure EGR valve set in the
basic control so that the amount of exhaust gas recir-
culated by the high-pressure EGR passage is corrected
by an amount corresponding to a deviation between the
low-pressure EGR actual recirculation amount and the
low-pressure EGR target recirculation amount in the
feedback control.
4. The turbocharged internal combustion engine of claim
3, wherein the deviation is a deviation between the low-
pressure EGR actual recirculation amount at a timing before
a current timing by a predetermined period of time and the
low-pressure EGR target recirculation amount at the current
timing, and
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wherein the predetermined time period corresponds to a
delayed period of time for the exhaust gas recirculated
by the low-pressure EGR passage to arrive at the part
of the intake passage connected to the high-pressure
EGR passage, compared to the exhaust gas recirculated
by the high-pressure EGR passage.

5. The turbocharged internal combustion engine of claim

4, wherein when the low-pressure EGR target recirculation
amount is changed, for the predetermined time period after
the change in the low-pressure EGR target recirculation
amount, the valve controller performs, instead of the first
correction control, a second correction control on the open-
ing of the high-pressure EGR valve set in the basic control
so that the amount of exhaust gas recirculated by the
high-pressure EGR passage is corrected by an amount
corresponding to a difference between the low-pressure
EGR target recirculation amounts before and after being
changed.

6. The turbocharged internal combustion engine of claim

3, wherein when the low-pressure EGR target recirculation
amount is changed, for a predetermined period of time from
the change in the low-pressure EGR target recirculation
amount, the valve controller performs, instead of the first
correction control, a second correction control on the open-
ing of the high-pressure EGR valve set in the basic control
so that the amount of exhaust gas recirculated by the
high-pressure EGR passage is corrected by an amount
corresponding to a difference between the low-pressure
EGR target recirculation amounts before and after being
changed, the predetermined time period corresponding to a
delayed period of time for the exhaust gas recirculated by the
low-pressure EGR passage to arrive at the part of the intake
passage connected to the high-pressure EGR passage, com-
pared to the exhaust gas recirculated by the high-pressure
EGR passage.



